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SUMMARY

CONMIN is a FORTRAN progqgram, ir subioutine forw, {ar tio
solution of linear or non-linear constrainei optimization prob.z2rs.
The Dbasic optimization algoritha is tha Hetaod 20 Fragiploa
Directions. The wuser wust proviie 21 main calling projraa aul an
éxternil ryutine to evaluate tha dbjective ati corstrairt fuuctiouLs
and to providg gradient information. If aralytic gradieuts >f ¢he
objective ot constraint functions arz ot avaslable, tiis
information is calculated by finitc diffarauca., @hile tua pLojram
is inteniel primarily for effiéieut solution of =coustrainzi
probleas, unconstrainaoi functios civimizatiown provliexs ray also bpo
solved, and the conjugate direction method 5¢ Fletcher aLd Geeves
is used for this purpose., This manual discribes the usa of CONAI
and defines all necessacy parawaters, Sufficiaut infarmatiﬁn is
provided so that the program can bhe us23 without special Kadwlody.e
of optimization technijua2s. Sample problens are ircladed to hLelp
the user become familiar with CONRIN and to @make the progran

operational.

/s
e
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CONMIN - A FORTRAL PROGKAM FUR

CONSTRAINED FUNCTION MINIMICZATION

SECTION 2
IFTEJDDUCTION
I many mathematical problems, it is recessary t. detarmine
tbe'niqinun Ot maxisum of a function of sevsral variables, limited

by varisus 1linear and aonlinear inzguality constraints., It is

w
[¢H]

a

Vi

};eldo.'possible, in practicatl applications, to sslve thase pcobl
directly, ani iterative mathods arc usel to obtain tha nurarical
serlution, Machire-calcalation of tajis soiutior is, of ourse,
desirable and the CONMIN program aas beas leveloped to solve 4 wije
variety of such problenms.

COEMIN is a FOFTRAN pPLogram, in subroutina fota, foc thae
minimization of a multi-varianle fanctior subject to a sft of
iheqdality soustraints, The general wminimization pcebiea isg
Pindbvalues for the set of variables, A(I), to

Minimize 0BJ

Subject to;
G(J).LE.O J=1,820N
VLB(I).LB.X(I).LE.VUB(I) =1, HDV #3Illr.aTel

where OBJ is a general function (objective furction) of taz

variables, X(I), referred to hereafter as ia~isionn variaoles, Sl

P
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need not be a simple analytic fucction, and May be any fuact oo
which can be numerically evaluated.

G(J) is the value of the Jtk inequality constraint, whi=h i
also a function of the X(I). NHION is t.o tdebe2r of CoHustraiats,
G(J). NZON ma3y be zero. VLB(I) aud vds(I) are ioWer g1 dupor
Lounds tespectively on variakla X(I), ard are rofercog to g3 sitoe
constraints. NSIDL=0 indicates that no lower OT uprer Dounis a4y
prascribed, If NCON=0 and NS1DFE=0, tha objectiva tunstion is sa4i4
t> be unconstrained. NDV is the totil rnumbar ot d2z1s5io0n
variables, x(I).

Coustraint G{J) is defined as active if CT.LE.S(J).LE.ABS(:I).
;nd violate? if é(J}.Sr.lBS(Cr), where coustraiat thickness, T, is
2 small specified negative unuabar. The rumerical siyrificancoe or
Cr may be understood by refering to Fig. 1, which shows a siugia
coastraiat in a two variable dessiyn Space. Coustrasat 3(J) is
Bathematically equal to zero alorg 3 singlz lina in the desig)
spaca, Howevar, orn 3 i1igital compater, the €exact vaiue of 5 (J) =3
€an saldom b2 obtained, Therefore, 2a coanstrairnt thickiLass of
2*ABS (CT) is choseu to define the ra2gion over which G6(J) is assured
to be zero for purposes of optimization. Because all 5(J) ayst bo
negative, CT is taken as a negative nuabar for consistancy s>  that
any G(J)«GT.2T is defined as active {or vioslated) if
G(J).GT.ABS{CT). Whila it #ay seea loyical to choose a Verly siaiil
value (in majritude) for cCT (say <-1.0E-6), the nature of the
optimization algoriths used by CONMIN is such that more Luzerical
stability can be achieved by taking Cr=-0.1 or ever ~Jeds (T is
used for numerical stability only, and whop the obptizizatior {3

complete, onz or more constraints, 5(J), will usually ba vecy aa2ar
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Zero, as seen in the examples in SECTION VIIT.

It is desirable that 5{J) be normalizai so that

=1.LE.G(J)JLEL1 J=1,800%

In this way tha corstraiat tlickrnoss, ST, has the  sSane LaLerzoal
significance for all G(I). it is not ReCessary that all 5(J) oo
precisely in tiaig form, and such norralization may uot po Lossibie,
However, it is important that all 3{J) 2t 1235t Lo 5F i 347
order of 3agnitude, For 2xampla, assume that sogo 3(3)
L{N *H*2-%(2)., If XY and ¥(2) are 2xpa2zt21 to o2 of orier 103
for the partizular problea urndar consideratioL, ;5 (J) may bve sculel
by dividing by 1C,L00 to provida a value for G(J) of order on=.

The basic analytic techaique used by Consir is to witimize J8J
until one or more constraints, 5()), bacona active, Iha
mininization process then continues by followiny the constraint
boundaries ir a direction such that the valua of 33J czontinsss to
decrease. Whan a point is reached siach that a0 further decrease i..
OBJ camn be obtained, the process is terminated, The valuc of ti.
constraiat thickness parampeter, CT, and tho nidrmalization Of tho
constraiats, G(J), have consideraole effezt op  tha Llp2rical
stability ard rate of converqerce of th2 optiwization PLozess,

An example of a Constraiued nonligoar problew is | STV
minimization of the four variable Rosen-Suzuki function {(ref. 1),

BININIZE OBJ = X(1)*e¢2 - 527 (1) + X(2)#%*2 - 5%5(2) +

ZEX(3)**2 - 215X (3) « Y{Uy>*2 ¢ Tmy(4) + 57

Subject to;

G(1) = X(1)==2 o X(1) + X(2)%~. - X(2) +

X(3)*%2 ¢ X(3) + X (4)==2 - X(4) - 8 .Li.

[}
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G(2) = X(1)*%2 = X (1) + 26x(2) %2 +X(3) "2 .
22 (U)==2 - L(4) - 10 «Lis ©
G(3) = 2*X(1)*=2 + 2EX (1) + X(2)*=p - X(2)y +
X{(3)**2 < X(4) - 5 cLi. C
This probles has four decisiorn Variables and  thioo
constraints, (NDV=4, HCUN=3), Vo lower or upper houunds VLE (1) 0l

VUB(I) are prescribed so control parametar NSIDE is sp2cifiel as
NSIDE=0 to indicate this. Tt is necassary to provida 3 32t 5y
iritial values for X{1), ard from this tho constrainad osptiaum is
obtained by CONMIN and its associated routines. Tais probliea #111i
be solvel usiny CONMIN iu SECTION VIII.

The miniaization algorithm is based on Loutenilijk's methoa of
feasible dire;tions (ref. 2). The algorithm has b2an 133difi=d t)
improve efficiency and numerical stability and to sodlve
optimizatior problems ir which one or mste Sonstraints, G({J), are
initially violated {ref. 3). “hile the cprogram is intengay
primarily for the efficicent solition of conustrained turctiouns,
unconstrained functions may also be wminimized {(NCON=J, ani
NSIDE=0), and the conjugate direction method of Fletouar auu heovos
(ref. 4) is used for this purpose, If a fuuction is t& De
raximized, this may be achieved by minicizing the nejative of tghe
function.

For coustrained minimizatior problems, the iritial design reed
not be feasible (one or more 5(J) may b2 greater thagy A (CTyy, aug
a feasible solution (if one exists) is obtained wita a minizal
increase in the value of the ohjective functior.

The user must supply a mair program to call subroutine ZOKHIN

along with ar external subroutine to evaluate the objectiva
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function, constraint functiors and the analytic gradizsnt o>r the
ol jective ard currerntly active sr violatei COLSBtraint it

At any giver tire in the rinimizatiorn process, gradient _nforwatiol

is required only for constraints which AalC active or viszlated

(6(J) +GE.CT). Gradients are calculatel by finite difrerence [

il

this information is not directly obtainable, iud a subtoutinz 15
included with CONMIN for this purpose,

Th2 basic progranm drganizatior is described here, and

sufficient inforratior is provided so that the progran may o2 useid

without special krowledqge of optimization technijues. The various

control parameters are described and the rajuired dimensious of all
arrays are giver so that the user car limit storaje rejuiremants ty
that hecessary to solve his particular problems. Sample problens
are included to aid the usar in makicg the program operational ani
to gain faniliarity'uith its use.

A summary of all parameters used by CONMIN and its assdyciateg
routines is given in APPENDIX A for converiernt refercnze.

APPENDIX B contains a bries discription of the subroutires

associated with CONMIN.
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SECTICON IT
MEKING CUNMIN OPERATIONAL
CONMIN utilizes iterative technigques to numerically obtiir tieo
pinimum of a general function, subject to a PDrescrived set or
linear and/or non-linear sonstraints. Lecause of tha Latiure of
these technijues, the efficiency of tua optirization pracess (tone
number of times the functions aust w2 evaluatel) cag 2ftan Lo

[

improvei by the proper choice of cControl parareters  to aeal

effectively with a given problen. For this reason, 1t is

particularly desirable that the naw user solve Saveral siaple two

to fiie variable probleans, experimenting with different control

parameters. The following steps are suggestel to help tls user

make CONMIN operational and to gqain the fampiliarity Lecessacy ror

its efficient application to a particuiar nroblenp.

1. Obtain the deck, including example probleuns,

2. Real SECTION VIII (EXAMELES) of this manual.

3. Solve the example prcbiems usicy CONMIN, and Vellfy the
results by comparison with the output listed ir +this @3anual,
Note that the precise numerical values may dirffer slightly or
different computers.

4. Read this entire manual carefully.

Se Devise saveral two to fjive variable ULnconstrained ana
constrained minimization problems and solve then using ZIN%IA.
If the precise optimum can be determines analytically, conmpare
this with the optiauams obtained using ZONMIN.

6. Experiment Ly starting from several diffarant initial points
(different initial x vectors). This is good practice ir axl

optimization problees, since it iaproves the chances that the
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absolute minimum is obtaired {instead of a4 rajiative winimuay,
Experiment with variois anialytic gradient options DY S82iVing
the Same problems with and without calcualati, g LLeT o5
analytic gradients (see examnples 1 and 2 of Svotionn viTo .
Experiment wi-y various convergenza critoria, cELEOL,  Lirkeg
and ITkM,

Experiment witl varisus counstrairt thickness parameters, Cr,
CTMIN, CTL arni CTLMIN to understard the effect of those
parareters on constrained minimization prohliens.

Experiment with varijous values of thz push-off factor, IiLra,
on several constrained minirization probless. Small valyes a2t
THETA may be used if constraints, G(J), are neariy linear
function; of the 3ecision variables, X(I), ard idrger valuoes
should be used if one or more G (J) are highly non-lineas.
Experiment with scaling options by usiug no sCalingy, autdpatic
scaling, or user provided scalirng options.

Experiment with various conjagate directicl Cestart
P rameters, ICNDIR, using @xagplies of Uncornstrained
Rinimization., fNote that if ICNDIE=1, the steenest ia;:ent
method will bhe used throughout tha optimization process,

Re-read this ertire manuval.

The default options on the various zontrol parameters have
chosen as reasonable values for nmost optimization problaps,
steps listed abive are iateni=d to provide the user with tie
ience hecessary to change these Parameters as reguirod to

iently solve new optimization problers of special intepase,
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SECTION IIf
PFOGFAM OFGANIZATION

The overall PLogram organization is showa 3Cheiaatica by

v o
P

Fig. 2. The variables dre initialized in tns gaig PCojyram. <

PO N

vector X is iteratively changed iu  subroutine CONAIN anag et

associated routines, and external routine s3U31 calceliates the

required function values and gradient informatiog.

Subroutine CONMIN is called by the maian PCOgLaa by tana zall

Statement;
CALL CONHIN(SUB?,OBJ)
vhere SUB1 is the name of the user supplied extersal subroutine ang

OBJ is the optimum value of the objective funztion apon return {roa

CONMIN. The variables, x(I), contained in vac
values, G{J), contaired in vector g will correspond to this optiaua

apon retuyrn. If adiitisnal iaformation calculateq ir externil

routine SuUB1 is required, the routine should be called agali. aj;on

Teturn from CONMIN t5 insure that this inforawation correspands s

the firal values of X(1).
Subroutine SUR1 is called by CONMIN aud its associated
routires by the call statenert

CALL SUB1(INFO,0BJ)

wvhere INF) is a control parameter defining which information pust

be supplied, and 08BJ is the value of tha objective tunction to ho

calculated corcespondiag to the current decisiorn Variaties

contained inu X. INFO will have a value of from one to four to

identify what information must be supplied by supi.

INFO=1 Calculate objective function vaiue, 03d, for Surteat

variables X.

tor X aui constraint-




INFO=2

INFO=3
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Calculate objective function value, 03J, and constraint
values, G (1), I=1,NCON for current variables, X.

Calculate analytic gradient of ohjective function
cortrespondiny to9 current variables, «, The obijective
function and constraint values alreaady correspond to tho
current valuas of X ard need not be recalculated, However,
other infomation ohtained in SUB1 when calculating 083 and
G{J) may not correspond to Y and must pe calculated again
here if it is used in gradient computations. If finite
1ifference control Parameter, WFDG, is set to NFDG=1 in the
main proqram this valwe of INFO will never be considered.

For'-cutrent variables, X, deteraine wvhich constraiants are
active and which are violated {(5(J).GE.CT) and thow many
such constraints there are (NAC = Number of active and
violated constraints). Calcula‘e the analytic gradients of
the objective function and all active or violated
constraints, Values of the objective fanctisn, 0oBJ, and
constraints, G(J}, already correspond to the cucrrent
variables, X, and need not be recalculated. As in the cAase
of INFO=3, all other information used ip gradient
computations mast be calculated for the current variables,
X. If finite differounce coatrol parameter NFPDG, defined in
the main program, is not zero, this valne of INPO will

never be considered.

¥ote that INFO=3 and YNFO=4 are considered only if gradient

information is calculated in the user supplied subroutine, sym1,

4ith the exception of the external subroutine name, SUB1, the

dbjective function value, 0”7, and the control parameter, IVPO, all

P
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information wsed in the optimication vprocess is transferred by

Beans of the following labeled commer hlocks,

COMMON/CNHN1/IPRINT,NDV,ITW\X,NCON,NSIDE,ICNDIR,VSCAL,NFDG,

1 FDCH,rncaw,cv,CTnIN.CTL,CTLMTN,THETA,nnI,NAc,NA:HX1,DBLFUN,

2 “!BFUN,LINO?J,IV?H,TTER,WCAL(U)

COPMON/CNNN2/X(V1),3F(N1),G(N2),ISC(NB),IC(N&),A(NM,NS)

tonncw/cwwn1/s(vz),a1(n7),c2(nz),C(NQ),ns1(N6),B(Na,um

COMMON/CNMNU/VLB(NT) ,VUB(N1) ,SCAL (NS)

The parameters anad arcrays used in the minimization process

will now bhe defined, followed by the required array dimensions, N1

through N9, If a default value is listed, this valuye ¥il. be used

if{ a zero value is transferred from the main program.
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SECTION IV

PARAMETERS DEFINED TN AATN EROGRAM

IPRINT Print control. ail Printing is done on file Luacer 5.

NDV

ITMAX

NCO#

NSIDE

C; Print Lothing.

1; Print initial and final function informsation.

2; 1st debug level, Print all of gbove vius coutrol
parametars, Priut function wvalye and X-vector 4t 2dCa
iteration,

3; 2nd. debuq level. Print all of above plus all constrairnt
values, numbers of active or violatced constrairts, direction
vectors, amove parameters and miscellaneous information., Tho
constraint .parametet, BETA, vprinted uniar this aption
approaches zero as the optimum objective ig ichkiaevei,
4; Compiete debugq, Print all of above plus gradioents of
objective function, active or violated <constraiut functions
and miscellaneous information.

Nurber of decision variables, X(I), zontained in vector x.

Default value = 10, Maximum nuaber of iterations i: tho
minimization process. If NFDG-EQ.D each iteration reguire.
one set of gradient computatiasns (INFO = 3 or 4)  and
approximately three function evaluations (INFO = 1 or 2) . it
NPDG.GT.O0 each iteration ceqilires approsimately NDVe3 fauction
evaluations (INPD) = 1 or 2).

Number of constraint functions, G(J). NZUM miy bo zard,

Side constraint paraacter, NSIDE=C sSigrifies thnat tho

variables X (I) do uot have lower or uoper bLouncds. NSiDZ 3135

ud o
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signifies that ali variables X(I) have lower And upper boungs
defined by VLE(I) acd VUB (I) respactively, If one or xoro
variables are pnot bounded wiile others Are, the values of ti .
lower arj upper bounds on  the unbounded variaples mast pe
taken as very large negative and positive values respectively
(ie. VLB(I)=-1.nzZe+1cC, VUB(I)=1.CE+10),

ICNDIR Default value = ‘NDV+1, conjugate direction Lestare
parameter, If the function is currently unconstrained, (all
G{(J).LT.CT or NCON=NSIDE=0), Fletcaer-zeeves conLjugate
direction method will be restarted with a Steepest descopnt
direction every ICNDIR iterations. 1If ICNDIR=1 orly steepes
descent will be used.

NSCAL Scaling corntrol parameter. The decision variables wili be
scaled lirearly.

NSCAL.LT.C; Scale variables X(1) by dividiny vy SCAL(1),

vhere vectour SCAL is Jefianed by thz user.

NSCAL.EQC.C; Do not scale the varianles,

NSCAL.GT.0; Scale the variablas evary NSCAL 1terationps,
Variables are normalized so that scalca X{I)=X(T )/Fbo((( )) .
when usicg this option, it is desiravle th 13t wSCAL=ICLDIR 14
ICNDIR is input as bonzero, and NSCAL=KDV+1 in ICNDLE is input

as zero,

KPDG 6radient calculation control parameter.
¥¥DG=0; All gradiest information is provided by exterrnil
routine suB1. This information may be calculatey
analytically, or by finite 1liffarence, it the usat's
discretion.

NFDG=1; All gradiert irformation will Lo Calculat=i by {ipitos
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difference in CONMIN. SUB1 providess oriv fauctioy valuaes, 20
and G(J), J=1,NCON.
NFDG=2; Gradient of objective function 15 provided ny
external routire SUBY, ard yralients »f active and vidliitel
constraints are calculated hy finite differetice i CIOINaI N,
This optioi is desirable if tre gradiecuat of the objective
function is easily obtained in closed forw, but gradicuits of
constraint functions, G(J), are unobtainavle. This option uay
isprove etficiency if several variahlas ara lipitael by lowar
Oor upper bounds.

Default value = 0.01. Not used in NFDG=3. kelative Suit gyeo
im decision variable X(I) in calculating fipite ditrererce
gradients, For example, PDCH=0.01 corresponis to a4 fiuite
difference step of one percent of the value of tre decision
variable.

Default value = G.C1. Not used if HNF)G Ce dinizuw

absolute step in finite differance gradient calculiat iol s,
FDCHM arplies to the unscaled variable values.

Default value = -0.1. Not used i

Fh

NCON=L3IDZ=).
Constrairt thickness parameter., If Ci, E.G(J).LE.ABS(:r),
6{(J) is defined as active, If G(J).GT.ABS(CT), G{J) is saii
to be violated. 1€ G(J).LT.CT, G(J) is rot active. 2T 1s
sequentially reduced in maquitude duriny the cptiwizatior
process. If ABS(CT) is very seall, un® or wore constraiut.,

Ray be active on one iteration and inactive on the next, ouly

4

to become active again orn a subsequent jteration. This i3

E/

often referred to as YZiqzagging® betweegy COuStrali*s. A wide

initial value of the corstraint thickness 1s desirable for



CTMIN

CTL
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Liqghly nonlinear problems so0 that when 3 soustraiat pecores
active it terds to resnmair active, thus reaqucir; tae «lyclagyying
problem. The default value 15 usually adeguate.

Default value = 3,004. ©Not used 1t NION=NSIDL=l. Yiniag.
absolute value of -7 considered in tho OPLtiNiZation procouss.
CTMIE may be considered as ‘numerizal zaro' since it m4y  not
be meaningful to Compare numbers smaller tharn CInTy, The
value of CTMIN is chosen to irdicate that satisfaction ot 3
constraint within this toleranca is accptable. Tire de¢surt
value is usually adequate.

Default valune = -¢.91. Not usal if SCOR=N3IDE=],
Coustraint thickness parameter for linear and 3id2
comnstraints. CTL is smalier in Bajnitude thar CI wvecause tho
Zig-zagging probles is avoided with JIinear and sije

con3traints. The default valuec is usually adeqguate,

-

CTLBMIN Default value = 95.0C1. Yot used if NCON=NSIDE=0. Miniamun

THETA

absolute value of CTL considered iu the ootimization pPLaca2ss;,
The default value jis usually adequate,

Default value = 1.C. Not used if NCOK=NSIDE=C. ‘tean
value of the push-off factor in the wetlod of feasiple
directions. A larger value of THETA is desirakle 1t tga
constraints, G (J), are knowm to be higkly non-lineir, ani a
smaller value may be used if 2ll G(J) are known to be hearly
linear. The actual value of the push-off factor asei jin tua
program is a juadratic tuinction of eack 5(J), varyinyg from l.J
for G (J)=CT to U.C*THETA for 5{(J)=ab3 (CT). A vaiue of
THETA={.? is used in the program for couLstraints whici are

identified by the user tou he Strictly limearc. U202 is Calley

S BRI
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a *pusl-oti' factsr because it pdshes the d2sigu iway frow tn.o
active constraipts itto the fuoasible Cegion.  Ihe gofault
value is usually adeguate.

PHT Default value = 5.6C. Not 150y 1f NCONh T

A
Le=Je

D
Particination coefficient, usel if j design is infeasirio (062
or more G(J).GT.ABS(CT)). PEHI 1s a mecasure ot how hard tao
design will tPe 'pusked® towards th. feasible region arg i5, in
effact, a peralty parameter, It in a givern Proilen, a
feasible solution cannot Le obtained with tho defauit valuo,

PHI should bhe increased, and the problen Luu  ayain, It a

feasible solution cannot be obtained with PHI=1CC, 1t 1

i

probable that no feasible solution exists. Tue defiault valy

[P

is usuai?y adequate.

NACHX1 Not  used if NSIDE=NCON=C. 1 plus user's hest estisate of
the maxinum nupber of constraints (irclulding side constraints,
VLB({I) and VUB(I)) which will be active at any given tine in
the mirnimization PTocess. NACMX' = rumber of [ows Ll 2rray ai.
If NAC+1 ever exceeds this valuae, the minimization procass
will be terninated, au error message will be priuted, ara
control will return to the main progranm. NACMKX1 will pover
exceea NDV+1 if all constraints 5(J) ani bounds VuB (1) and
vuB (1) aré independant, R re=assnabie valiye for BALHELT (ani
the Corresponding dimension of array A) is  MIN(4D,NDVeTV),
vhere the minimum of 4) will on.y appiy for larje probleay arnd
is arbitrary, based on the observation that evel for very
large probleas (over a hundred X (I) and saveral thousand
G{J)), it is uncommon for Many constraints to Je active at any

tige in tae minimization oprocoass (the optiaum s0lution i



Page 17

scldom 'fully constrained? for very latge nonlincar probivus) .

DELFPUN Defanlt value = €¢.C01. Miniwum relativae chauge in tno
objective function to indicate convergensce, 't ia Iron
consecutive iteratiorns, ABS(1.O-OBJ(J-1)/UEJ(J)).LT.DELFJﬁ~unJ
the current design is feasible {all 3{J)LELANS(TT)), tho
minimizatior PLdZess is tarminataed. 1f tio current design Lo
irfeasible (some G(J).GT.ABS(CTY), five iteratiors A0
required to terminate and this situation indicates that a
feasible design 23y Lot exist.

DABFUN Lefault value = (.001 times the initial furnction value,
Same as DELFON except comparison is on absolute chaugye in the
obijective function, ABS(OBJ(J)-OBJ(J-1}), instead of roalative
change,

LINOBJ ¥ot used if NCIN=NSIDE=0. Linear objective function
ilentifier. If the objéctive, 0BJ, i3 specifically knowr to
be a strictly linear function of the decision variavles, X(I),
set LINJBJ=1. If OBJ 1is a genaral noulinear fuanction, set
LINOBJ=0. ;

ITRA Default value = 3, Numbét of cousecutive iteratious to
indicate Cconvergenca by relative or absolute chinyes, DELFUFK
or DABPUN.

X(N1) Vector or decision variables, X(I),I=1,4DV. The iuitial
X-vector contains the user's bagt estimate of the set of
optimum desiqgn variables.

VLB (N1) Used only if NSIDE.NE.D. VLB(I) 15 the lower allowalble
value (lower bound) of wvariable X(1). If one or worre
variables, Y (I), do not have lover bounids, the sorcesndnding

VLB{I) must be initialized to a V2Ly large negjative aunler
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(say =1.CE+10).

VUB(X1) Used only if NSIDE.NE.O. VUB({I) is the maximum allawable
value (upper bound) of X(I). If sne or WOL> variables, X(1),
do not have upper bounds, the correspouding VUL (T) nust e
initialized to a very larye positive rumber {say 1,05+10),

SCAL(N5) Not wused if NSCAL=Q. Vector of scaling partawmcters. -t
NSCAL.GT.C vector SCAL need not bo 1nitializeu since 5Cal will
be defined in CONMIN and its associated routirnes. It
NSCAL.LT.C, vector SCAL is initialized ia the main pragrar,
and the scaled variables X(I)=X(I)/SCArL(I). Hiticieucy of the
optigization process can sometimes he improvae3l if the
variables are either Lormalized or are scaled in such a way
that the partial derivative of the objective function, 2L,
with reépect to variable X(I) is of the same  otier of
magnitude for all X(I)e SCAL(I) aust Do greater than zero
because a negative value of SCAL(I) will result in a chang2 of
sign of X(I) ana POssibly vyield erroneous optiuwizdation
resvelis, The decision of if, ard how, the variables shkould Le
scaled is highly problen dependent, ani souae experimentatior
is desirable for any given class of probleas. |

ISC(N8) Not used if NCON=0. Linear constraint ilentificatiorn
vector. If constraint G(J) is known to ba a4 lin2ar function
of the 1:cision variables, X(I), 1SC(l) should be iritiaiizey
to ISC(I)=1. if constraint G{J) is rnonlinear ISC(I) is
initialized to ISC(I)=0. i{d2ntification of liiear constrair is
may improve efficieacy of the optimization procass ani is
therefore desirable, but is not essential, If 5(J) 1is uot

specifically known to he linear, set ISC(1)=7.
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G(N2)
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SECTIGH ¥

PARAMETLDS DEFINED 1N EXTERJAL FOUTIND 5U21.

Vaiue of objective functioan tor tae curreat dazi=ion
variables, X(I),I=1,NDV contaired 1r vector ¥. CilCulate Loy
if INFO=1 or INFO=2.

Not used if NCUN=MSIDE=0, Vector containinyg 411
constraint functions, G(J)y, J=1,NCON £for current docision

variables, X. calculate G(J), J=1,NCON if INSQ=2.

DF (N 1) Analytic gqgradient of the objectave function for tho

NAC

A{NG,

currert d:cision variables, X (I). DF {I) contairs tue vpartial
derivative of 03J with respect to {(I). Calculate
DF (I) ,I=1,KDV if INFO=3 or INFO=4 and if NFDG=7 or NDFG=2,.
Number of active and violatel constraints (G {J)eGE.C1) .
Calculate NAC if INFO=4 and NFDG=J.
N3) dNot used if NCON=NSIDE=0. Gralieunts o€ active or violatey
constraints, for currert decision variadles, Y (i). A(J,I)
coutains the gradient of the Jth active or violated
constraint, G (J), with respect to the It: decisio;'bariéhle,

X(I) for J=1,NAC and I=1,NDV. Calculate if ILFO=4 snd NFu3=).

IC(NY) Identifies which constraints ars active or violated.

IC{J) contains thke number of the Jth activa or violiated
constraiut for J=1,NAC., For example, 1if G (10} is the first
active or violated coustraint (G(3).LT.CI, J=1,Y), set

IC(1) =1, Calculate if INFO=4 and NFIG=C.

If it is couvenient to calculate BOU  LiREormation  than i
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rejuired by the information control parameter, INFO,

doue. INFO 1dentifies the wiuiaum amoant of inforuwating.

necessary at a qgiver tige in thre optimization pioXass.

necessary to detoermjae whickh 203Lds (Side constraints)
VUB(I) are active bhecause tuis informatiorn is determinoeg
m!
-~

ne reguired organizatior of SU81 15 shown in Flye

that if NZON=C, §7DG=1 or NFDG=C

and can be omitted.
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NCAL (4)

S (N3)

GI1(N7)

G2(N2)
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PAFAMETLRS DEFINED IN CONMIN AND ASSUCIATEL :0UTinwnsg
Iteraticu rusber. The optimization process ig lterativa
SO that the vect9r of decision variables at the Kti,
iteration is definéa by L{K)=X(K=1) +AL24A*S(F), wnore 1i

this case K refors to the itoeration number and  tie

componrents X(I) are all changed simultarecusly. ALvYA ig

éefined as the move parameter ard is prictea i the prist
control IPRINT.GE.3. S is the Rove direction at iteratior
nember J,

Book}eepinq informatiorn. NCAL (1) givas the wnumber or
tises external roatire SUB1T was called with iwFL=1,
NCAL(2) gqgives the rgpuaber of times INFD=2, SCAL {3) gives
Fhe nimber of tipes INF§=3 and NCAL(4) ygives the Lumber of
times INFO=4,

Move direction in the NDV-dimensional optimization space.
S(I) yives the rate at which variable X(I) changes with
respect to ALPHA.

Not used if NCON=KSIDE=NSCAL=0, Used for temporarcy
storaqe of constraint values 5(J), J=1,NCUN and decisior
variables X (1), I=1,8DV,

Not wused if NCON=NSIDE=0, Used for tervorarcy storags oy

constraint values GQd), J=1,3C0H.

B(N4,N4) Not used if NCON=NSIDE=C. Used :p deteraining direction

vector S for constrained minimization prohlems. ATray i

®ay he used for temporary storage i externqal routipe Luht,

P
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C(NY)

MS1(N6)
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Not used 1in NCON=NSIDE=C, Used wita 4T3y b 1

determining directior vector s for constrained mirianication

problens, Used Ffor temporary storaye ot vector it
NSCAL.NT.C. routine sup1.
Not used if NCON=USIDE=0, Used with array i in

determining direction vector s for constrained hinriaization

problens, Atray #S1 may be used for tewporary LHTOLa ge

3 .
L.

external routine 5UB1,

s



COMHON/CNNNZ/X(N1),DF(N1),J(NZ),ISC(NB),

COMMON/CNHNJ/S(N3),G1(N7),

SECTION VIT

FEQUIRED DIMENSIONS OF A

COMHON/CNWNQ/VLB(H1),VUE(N1),SCAL(NS)

Dimensions N1 through N7 are mini

and are
N1

N2

N3

N6

N7

N9

defined by;

-
=

NDV

1 if NCON=NSIDE=0

NCON if NCON.GT.O and NSIDE=0
2®NDV if NCON=0 and NSIDE.GT.?
NCON#2%NDV if NCON.GT.C and N3SIDE
NDV+2

1 if NCON=NSIDE=)

NACMX? if NCON.GT.0 or NSIDE.ST.O
1 if NSCAL=0

N1 if NSCAL.NE.D

1 if NCON=N5ID3=0D

2*N4 if NCON.3T.J or 453IDE.GI.C
N2 if NSCAL = ¢

MAX(N2,NDV) if NSCAL.Y¥E.0

1 if NCON=0

NCON if 3CON.GT.O

N4 if NFDG.EQ.0

NAX(N4,NDV} if NFDG.GT.O

STAYS

«3i,.C

Pace

mum dimansions on t!

IC(Ee) 2 (e, n3)

GZ(N2) ,C(N9) ,"1ST(16) , i (Ns, bia)

1

AL ays

b T,
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SECTLION VIIC
EXAMPLFS
In this section several examples are Presented, togoethar wit.
results, to provide a bhetter dnierstandiing o trne PCOSLaw
organizatior, 1In each case the default valyes alfe used for corntrol
Parameters ugless otherwise npoted. The array dimensions gre

defined in the common blocks as follows:

COMMON /CN4N2/ x¢50),09(50),s(11oo),Is:(tooc;.IC(51;,a¢51,5z;
COMMON /CHMN3/ 5(511,61(1100),32(1156),:(51),531(102),5(51,51)

cqguon /CNKENL/ VLB(5C),VUB(50) ,SCAL(50)

The examples were solved using a DT 76357  compater. 1ha
numerical results obtairned using other computers may difrer

slightly from those obtained Lere.

EXAMPLE 1 - CONSTRAINZD ROSEN-5UZUKI fUNCTION, N0 GHAUVIEND

INPORMATION. :

Consider the minimizatiog problem discussed ir SLEZTION I:
MINIMIZE OBJ = X(1)*+2 - S5¢x (1) + L(2)*=2 - S*L(2) «
%Y (3)*m) - 21%X(3) + X(u)»=2 o TeX{4) + 5¢C

Subiject to;

G = X (222 + x(1) » X2V **2 - x(2) +
X(3)%*2 ¢ x(3) « K(4)"®2 - X4y - &« «LELD
G(2) = X(1)*%2 - x(1) 2*X{Z)*=2 ¢ X (3)wel 4

25X (4)=*2 - x(4) - 1 CLF.S
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G(3) - 25X (1) «x2 2*X(1) + X{(z)%*2 - X(2)

+

X(3)=*2 - x@) -5 +LE.D

This problien is solved ba2ginniny withk ar initial x-vector n¥

X

(1.¢, 1.¢c, 1.9, 1.0)

The optimun d2sign is known to be

OBJ = 6.0CC

and the corresponding X-vector is

X = ‘o.c' 1.0' 2-0' -1.C)

The print control parameter of IPRINT=2 |s used and all

gradients are Calculated by finite difference (NTDG = H. Taa

saximua gumbar of iterations ig takeu as ITMAX=4(C to insure norga;

teraination. ' The variables are got Scaied, so MNSCAL=C

“voe The

ohjectivg function is nonlisear, so LINIZJ=0, The cortrol

Parameters are defined as:

IPRINT=2, lDV=6, ITHAX=40, NCON=3, ikFp5=1, NACHY 1=51,

NSIDE=ICNDIR=NSCAL=LINDBJ=ITRH=C.

FDCH=FDCHH=CT=CTHIH=CTL=CTLHIN=THETA=PHI=DELFUN=DABFUN=O

.

All constraints are aoniinear so0 tha linearc constraint

identificatior vector contains all zZeros:
ISC(J) = ¢ J=1,8CON

The @ain Program and the external routire, EXMPF1, are listed

in Pigs. 4 and s respectively, vith tha optimization results ip

Pig. 6. An optimum desiqn of 08J=6,0133 is obtaiued with tho

corresponding decision variables:
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X = (€.0125, G.99%9, 1.9943, ~-1.0006)

Note that the unconstrained @inimum of this function may b
found by setting NCON=0 irn the main Projrim. The pnionstrained
minimum of 0BJ=-3C,.0 ray pe found in this vay, and this 1s left 43
an exercise,

An additional probler of interest is to set NCON=2 ard, haviny
found the optimunm Subject to thesa2 first two coastraints ouly,
increase NCON to 3 and call CONMIN agaiu, to ohtain the  firnal
optimum desiqgn. This is easily done by initially setting NCON=2 in
the pain program, then imnediately after Teturriag from CONMIN, set
iCOltgﬂ and call coNalx again. It is not hecessary to reinitialize
tha control parameters, This exercise l2monstrates tha Capability
of CONMIN to deal with initially infeasibls d2signs, and sucn aa
option say b2 idesirable when minimizing functions for ¥Lich one or
Rore comstraints are difficult or tine-consuminy to evaluate. Iy
this vay, the optimization problen may ba first solved by 13gaocing
coustraints which are particularly complex. These constraints ara
then checka2d to determine if they are violated. if rot, ‘the
optimization is compleate, If one oar more such constraints are
violated, they are added to the sat of constraints, G{J), and
CONRIN is called again to obtain the final optimun lesiqgn. TIuis
&pproach canmot always bhe expected to be most africient, bat 32
werit comsideratior, especially when only moierate constrisat

violations are expected.
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EYAMPLE 2 - CONSTRATNED ROSEN-SNZNRT PNINCTION WITH ANALYTIC

GRADTPENTS

The function minimized in EXAMPLF 1 is now solved hy computing

all analvtie aradients in closed form. R1l1 control parameters are

the same as hefore except that nov NPNPG=9 instead of NFPDG=1, "he

gradient of the obhiective function with respect tn the decision

variables is:

L

[ 2ev (1) -5 )

a1 (NBJYy = 2%Y (2) -5

\

e {N-21

\ 2*X (8) +7 )

The gradients of the constraint functions are;

2%x (1)1 ) /2#:(1)-1}
del (5(N) = | 2¢x¢2)-1 del (6(2)) = | uxx(2)

2¢X (3) ¢ J 2%Y (3 /

2*x(u)-1) \utx(u)-1)

((aexe1ye2
del(G(3)) = | 2ax(2)-1

2% (3)

SETI

The control program is the same as hefore (Piqg.
NPDG=N,

4) except now

and the external roatine is named PXMP2, Also, the print

control is now taken as IPRINT=1 to provide anly Susmary

inforsation. Pxternal routine, EXNP2, is listed in ®iq. 7 and the

optimization results in ®ig. 8, where an optimnae design of
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0BJ=6.0066 is obtained with
X = (-0.C072, 1.0022, 2.0053, -0.993C7)
The additional exercises described in example 1 may alss be

solved h2re, just as befora.

EXANPLE 3 - 3-3AR TRUSS.

As a final example, consider the 3-bar tctuss shown in Fig. 9.
Th2 structure is subjectad to two syamatric, but indapendent 1514
conditioas, PV and P2, as shown. The tcuss is to be designed fac

sinisum veight, subject to stress limitations only, so that;
-15 KSI .LE. SIGIJ .LE. 2C KSI I=1,3 Jd=1,2

vhere SIGIJ is the stress in memb2r I under load condition J.
Ghils this is a very simple structure, it is of particular
historical significauce in the field of automated structdra;
design, having heen first used by Schait (ref. 5) to demonstizte
that an optimally designed structures may not be fully strassed.
That is, one or more members Ray not be stressed to thaoir maxinua
design stress under any of the appli=d i1oad conditions.

The design variables are cacsen as the meaber cross-sectiornal
areas, A1 and A2, where A3=1A1 due to Symmetry. Then the objectiva

function is;
0BJ = 10'8“0*(2*SQRT(2)'A1*A2)

wvhere RHO is the material demsity (RHO=C.1). The stress state is

defined bhy;

e R RN
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SIG11 = 5IG32 = 20.‘(SQRT(2.)‘A1+A2)/(2.*A1'A2*SQRT(2.)‘A1'A1)
SIG21 = 51622 = 20.‘SQRT(2.)*AT/(Z.‘A1'A2*SQRT(2.)‘A1'Ah
SIG31 = 5IG13 = -20.*A2/(2.'A1*A2*SQET(2.)'A1*A1)

Remembering that -15 KSI .LE. SI3IJ .LE. 20 K3I, taere are six
indepenient nanlinear Ccustraints, Th2 compressive stress

constraint on member 1 under load conlition 1 is Jiven ag;
=SIG11 - 15.0 .LE. 0O
¢r in nmormalized fornm;
-SIG11/15.0 -1 .LE. 0O
Similarly;
SI611/20.0 -1 ,LE. 0
=SIG21/15.0 -1 .LE. 0
51621/20.0 -1 .LE. ©
=SI531/15.¢ -1 .LE. ©

SIG31/20.” -1 ,LE. 0

B2cause aga2jative meabar dareas are rot physically meaniugful,
lower bounds Sf Zero aust be imposed on the design variables,
Bowever, noting that the stress, SIGIJ, is undefirned if 31 aquals
Zero, lower bounds of 0.001 vill be prescribeil. The upper bounds
are taken as 1.0F+10 to insure that thess bounrds will nasver be
active.

The objective function is linear in A1 ana A2 S0 the liwear
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objective function identifier is taken as LTNORY = 1,

The gradient of 0RrJ ig easily calculated sn this vill be done
analytically, while the gradients of the constraint functions are
calculated by finite di fference. Then wrpg - 2 and the qradient of
ORJ is defined by

ZW.O‘SOPT(Z.“)*PHO
del (ORJ) =

15.C =980

The print control will he taken as IPITNT = 3 apndq the default
values are used for all other control parameters. Then the control

barameters are defined as:
IPRINT=3, NDV¥=1, NCOW=§, NSIDE=1, NFDG=1, NACHX1=51, LTIOBJ=}.
ITHI!=ICUBIR=CsClLt'?RH=9.
FDCH=PDCHH=CT=CT!IN=CTL=CTLHTN=TBBT!=?RI=bBLPUN=DABYUN=O.

All constraints are noclinear so the linear constraint

identification vector contains all zeros:

ISC(y =0 J = 1,NCON
The lower and upper bounds are defined as;

YLR(Y) = 0,001 VOR (T) = 1.0Es1n T = 1,80V
The optimus desion is known to be

0BJ = 2.639

vhere
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X = (3.739, C.408)

The main program for this example is listed ir Flg. 13 with

the corresponding external toutine, EX4P3, iu Figy. 11, Tho

optinizatjion results are given in Fig. 12, whare;

OBJ = 2,639

and
X = (C.789, C.u(Cs)

Bote that oanly constraint numbar 2 (th2 teasile stress

constraimt in meaber 1 urnier load cordition 1) is ACtive,
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x(2)

FEASIBLT REGION

' . 6(J).11.CT

G(J).GT.ABS(CT) J q " () = 0

—=X(1)

FIG. 1 - GﬂEﬂﬂAﬁﬂ?IﬂI@ﬂESSZHUMMEH&L CT.
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MATN PRNGRAM
INTTIALT?E DECISTON
VARTABL®S AND DEPINPR
CONTROL PARPAMETPRS

CALL CONMTYN (SR1,0P.Y)

SURROITTNE SUB1(TNPO,OR.)
CONMTIN AND '
ASSNCTIATED ROUTINFES CALCOLATE FUNCTION VALUES
AND GRADIPNT TRPORNATTON

CALL STR1(INFO,OB.J) AS REQUIRED

FIR. 2 - PROGRAN ORGANTIZATION,

(.

LT e
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SUBROITTIN® SURYT{TNFO, NB.)

COMMON /CNMN1/ IPRINT,wnv,ITnAx,Ncow,NsrnE,rcworn,NSCAL,NPDG

1 ?DCH,P“CHH,CT.CTHTN,CTL,C*LH*N‘THF'R,PHI,NACﬂY1,nPLFUN,
2 DABFUN,LINOP.I, T™RN,TTER,YCAL (4)

COMMON JCNNND / Y(V1),DP(N1),G(N?),ISC("R[,TC(VH),A(N“,N1)
COMMON /CNMN3/ s(way,c1(w7),n2(w2),C(NQ$.ﬂsv(wﬁy,a(nu,uu)
CORNMON /CNMN4/ VLB (N1),V73¢N1) ,SCAL (N5)

BEGTIW

YES -

YFS PTURN

-»=YES —{ PRTHHN>

CALCULATP CONSTRATNT i
[_YALUES, G(J), J=1,NCON. N

D NG VNN M CENGD S NS —— w—

FETURR
@» ——vPS = ==ToeN)

0
'?ﬁ?&‘if-?ﬁﬁ{hv_c' GRADIPRT oF 08y ]
Ixun sroee T8 vEcTOR be.

IpP(r) = PARTTAL DRRYVITIVE 0F 0By wrew '
L RESPECT TO X(1), T = 1,%pYV,

P GEES  weemn Si— D GITEDD e R S Smes e etv

¥I¥G. 3 = OUGANIZATION OF EYTERNAL ROMTINF STR
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g R T T

nrR
NCO¥, R0, 0 =YFS ~<RP“URN>
or

NFDG,. AT .9

5 D0 J = 1, vCow
%
: ——VPS —
|
|
] L¥AC = waCc + 1]

=

YES —————(RETHAN

IC(NAC) = g

R(NAC,T) = mapTIAL DERTVATIVE oF G{(J) WITH
RESPECT TO X(¥y, T = 1,NnV,

L —

RETORY
LE%D)]

FIG. 3 - O9GANTZATINN OF EXTERNAL POQTINE S8 - cone,

s g e R
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CXAMPLES 1 AND 2 OF CONMIN USEE'S MANUAL.
MINIMIZATION OF CONSTRAINED ROSEN-SUZUXKI FUSCT IO
COMMON /CNMK1/ IPRINT,NDV,ITHAX,NCON,&SIUL,IC?DIU

1 FDCH,FDCHH,CT,CTMIN,C?L,:TLMIN,THETA,PHE,NAC,NAC

2 DABFUN,LINOLJ,ITRM, ITEF,NCAL (4}
COMMON /CNMN2/ X{52) ,0P (5 ,5(1123),
COMMON /CNMN4/ VLB(5C) ,VUB(5C) ,SCAL (
DEFINE NAMES OF EXTERNAL ROUTINE, SU
EXTEPNAL LXMP1,ZXMP2
INITIALIZE CONTROL PARAMETERS.

FOR EXAMPLL 2, CHANGE THE FPOLLOWING STATEMT:
IPRINT=1

IPRINT=
NDV=4
ITMAX=4)

NCON=3
POR EXAMELE 2, CHANGZ THE POLLOWLINS STAIDAZINT TO;
§PDG=0
NFDG=1
NACHX1=51
NSIDE=0
ICNDIR=)

NSCAL=0
LINOBJ=)

ITRM=0
FDCii=0.

FDCHM=0,

CT=0,

CTNIN=0,

CTL=0,

CTLMIN=0.

THETA=C,

PHI=0,

DELFUN=D,

DABFUN=0.

INITIALIZE CONSTRAINT IDENTIFICATION VECTIOR, IsC.
DO 10 J=1,NCIN
ISC (1) =0
INITIALIZE X~-VECTOR.

DO 20 I=1,NDvV
X(I)=1.

SOLVE OPTIMIZATION.

FOR EXAMPLE 2, CHANGE THE FOLLOWING STATEMIN] 10
CALL CONMIN (EXMP2,0BJ)

CALL CONMIN(ZXMP1,0BJ)

STOP
END

FIS. 4 - MAIN PROGRAM FOR EXAMPIES 1 ALL 2.

DPage 36

P NSULL, MED S,

GX1,0ELEJL,

CIG22),I0(51,a(51,52)
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SUBROUTINE ExMpP1 {INFO,0RJ)

COMMON /CNMN2/ X(SO),D?(SO),G(11DD),ISC
ROUTINE TO PROVIDE FUNCTION AND CONSTIA
OPTIMIZATION OF CONSTRAINED ROSLEN-SUZUK
EXAMPLE 1 CF CONMIN USEE'S MANUAL.
PUNCTION VALUE,
OBJ=X(1)'#2-S.*X(1)4X(2)**2-5.'X(2)+2.*X(3)"2-21.‘Y(3)+
1x(u)~-2+7.*x(u)+sf.

IF (INFO.EQ.1) KETUPRN

CONSTEAINT VALUES.
G(1)=X(1)*'2+X(1)fX(Z)*'2-X(2)*X(3)'*ZOX(B)+X(u)"J-K(#)-u.
3(2)*X(?)**2~Xi1)v2.*X(Z;**2+X(3)"2*2.'X(4)"2-K(u)—19.
G(3)=2.*X(1)**2*2.*X(1)+X(2)-~2-x(2)fX(3)'-z-X(u)-5.

PETUKN

END

OD?),IC(51),A(51,QZ)
YALULS FUk

"
"
Flin CTIC0Y,

{1
IN
i

FIG. 5 - EXTEWNAL QO0UTINE, EXHPY, FOF LXAMDLEL 1.



S
i
E
—%
-
Y
H
¥
3
H

o LR

URERE B S R LURR L

+h

wa

1k

T1ye 3R

s
*
L
L
L
¥
b 4
¢
]
J
*
&
L 4
&
L
*
]
8
L 4
L
]
.
*

» -
» -
b CONMIN hef
» &
" FORTRAN PROGRAM FOR &
» °
# CONSTRAINED FUNCTION MINIMIZATION *
. ‘ L
®  NASA/AMES RESEARCH CENTERS, MOFFETT FIELDs CALIF, *
e .
A I I LI I

CONSTRAINED FUNCT]ON MINIMIZATION
CONTROL PARAMETERS

IPRINT NOV ITMaX NCON NS1DE ICNDIR NSCaL NFDG
e 4 40 3 0 S5 0 1
NACMX]1 LINOBY 1TRM
51 0 -3
FOCH FDCHM
1.00000E-02 1.00000E-02
cT CTmIN CrL CTLMIN
=1.00000€-01 4.000022~03 =1.00000€=-02 1.00000E=-03
THETA PHI DELFUN DABRFUN
1.00000E+00 2.50000E+9} 1,00000E~04 3.10000E=02

INITIAL FUNCTION INFORMATION
08J = 3.100000E+0}

X=VECTOR
1.0000E+00 1.0000E+00 1.0000E+00 1.0000€+00

CONSTRAINT VALUES
*4,0000E+00 <=6,0000E+00 «1.0000k+00

THERE ARE 0 ACTIVE CUNSTRAINTS aND 0 VIOLATED CUNSTRAINTS

“I%. 6 - OPTINTZATICN RESULTS3 FOP RYAMUILE 1.



ITER = 1
X-VECTOR
1.0436E+00
ITER = 2
X=VECTOR
=§6,5498E~01)
1TER = 3
R=YECTOR
2,2440E~0]
ITER = 4
X-VECTOR
=3.,4392€-0]
ITER = 5
X=VECTOR
*H,T7S566E=02
ITER = 6
X=VECTOR
*9.4581E~02
ITER = 7
KeVECTON
T.4640€E-02

713

+Je

1.0436E+00

1.0328€+00

9.9268E-01

leQC43E<00

1.0136E+00

9.9247E-01

9.8928¢E-01

08y = 2.54H43kK40]

1.2479E4+00

OBy = 1,22043E40])

243572k +00

OHy = 8,37629¢+00

2,0365E400

o8y = 6,94203E+00

08y = 0632708E+00

2e0736E+00

0Ry = 6.17226E400

2.0400€+00

08y = 6.,07000€4+00

1.9478E4+00

8068‘7E“01

1e3804E=01

=3.1841b=01

=8,0388€E=~01

~8+1323€=01

'9.63‘66‘0!

=1.0562E+00

P45je 39

6 = GPTIRIZATICN RESNULTS FOR EXAWPLE 1 - CCNT.,
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ITER = 8 OBy = 6.,02184E+00

X=VECTOR
«1,7653E=9¢ 1.0038E+00 2eV139E+00 =9,/7523E=01

P ITER = 9 0Ry = 6,01829E+00

X=VECTOR
1.2500€-02 9,9690€=-01 169943E+00 <-1.0006E400

ITER » 10 08y = 6.01829E+00 NO CHANGE IN 0BY

ITER = 11 0By = 6,01829E+00 NO CHANGE In OBJ

FERLERTRLS SRR DAL I WA R WA B G Tl o

Flé. 6 ~ OPTIMTZATION RESULTS FOR FYAYDPL? 1 - CCNT,
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FINAL OPTIMIZATION INFORMAT]ION
08y = 6.018287E+00

X=VECTOR
1,2500E=0¢ 9.9690E=-0] 1.9943E400 <=1,0006E400

CONSTRAINT VALUES
“1.7146€E-02 =1,0645F+00 ~2.8422E~]4

ACTIVE CONSTRAINT NUMBERS _
NO., GREATER THAN 3 INDICATES SIpDE CONSTRAINT
3

TERMINATION CRITERION
ABS(0BU{i)=0BU(]=1)) LESS THAN DABFUN FOR 3 ITERAT]IONS

NUMSER OF ITERATIONS = 11
OBJECTIVE FUNCTION wAS EVALUATED 68 TIMES

CONSTRAINT FUNCTIONS WERE EVALUATED 64 TIMES

Fie 6 = OPTIMIZATICN RESHLTS FOR EXAMPLE 1 - CCNT.
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SUBROUTINE EXMP2 (INFD,0B)

CSM™MON /CNMN1/ IPRINT,NDV,II&AX,HCCN,NSIQE,IC:JL',JSL%L,TA;3,

1 Pncn,Facxn,CT,CTMIN,CTL,:TLxIN,rHErA,y;:,na;,x:tgr
2 DABFUN,LINGB.J, ITXM, ITER, NCAL (4)
COMMON /CNME2/ X(5€) ,DF(53),3(1102) ,150(12°%), ;

ROUTINE TC PHOVIDE FUNCTIGN AND CONSTFAIuT VoL !

OPTIMIZATION OF CONSTRAINED HOSEN-SUZIYT FaNotTon

SXAMPLE 2 CGF CONMIN USLR'S MANUAL.
IF (INFO.GT.2) GI3 TO 10
FUNCTYON VALUE,

.,_‘(l,l“’,-;\()“,l/;)

e
I 1

.

OBJ=X(1)**2-5.*X(1)0X(2)'*2-5.*X(2)+2.‘K(3)**2~41.*x(i)0

TX () **2+T7. %X (u) +50,
IF (TNFO.EQ.1) PETURY .
CONSTRAINT VALUES.

G(1)=X(1)"2’X(1)+X(2)'*2-X(2)*X(3)"¢*X(J)+X(4)"¢-A(w)-n.

G(2)=X(1)*-2-X(1)42.*x<2)t-2ox(3)*-2o2.

2E{4) x=2-¥(uy =12,

G(3)=2.*X(1)‘*202.*X(1)*h(2)'*2—X(2)fX(3)"z—X(4)-5.

RETURN
CONTINUZ

GBADIENT OF OBJECTIVE FUNCTION.
DF(1)=1.%X (1) -5.

DF (2)=2.%X (2) -5.

DF(3) =1.*X (3)~21,

DF (4)=2.%X (4) +7.

IF (INPO.E(.3) RETURN

GRADIENTS OF ACTIVE AND VIOLATED CONSTIAINTS.

NAC=0
IF (G(1).LlL.CT} GO TO 20
NAC=1

IC(1) =1
A(1,1)=2.%X (1) +1.
A(1,2)=2.%x(2)-1.
B(1,3)=2.%X (3) +1.
A(1,4) =2, %X (4} -1,

IF (5(2).17.CT) GO TO 3¢
NAC=NAC+1

IF (BAC.EQ.NACMX1) RETURN
IC(NAC) =2
A(NAC,1)=2.%x (1) ~1.

B [NAC,2) =4.*X (2)
A(NAC,3)=2.%X(3)

A (NAC,U) =4, %X (4) -1,

IF (G(3).LT.CT) BETURN
NAC=NAC+1

IF (NAC.EQ.NACYMY1) EETUEN
IC(NAC)=3
A(NAC, 1) =t oX {1)+2.
A(NAC,2)=2.%X(2)-1.

A (NAC,3)=2.%%(3)
A(NAC, 4, =-1.

RETURN

END

FIG. 7 - LYXTERNAL EOUTINE, EXEP2, Ful
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QQ....'Q..CGQ.Q.!QQ...Q.QQG
» *
. CONMEIN *
» *
» FORTHAN PROGRAM FOR .
- » L]

. CONSTRAINED FUNCTION MINIMIZATION o
[ J »
» NASA/AMES RESEARCH CENTLRe MOFFETT FIFLD., CALIF, @
* »
Q'...Q..Q..'.."QQ*Q..O.Q.Q

INITIAL FUNCTION INFORMATION

0BJ = 3,100000E+0}

X=VECTOR

1.0000E400  1.00006400 1.0000E+00 1.,0000€+00

CONSTRAINT VALUES

=4.0000E400 ~6,0000E+00 <~1,0000E+00

THERE ARE 0 ACTIVE CUNSTRAINTS AND 0 VIOLATED CONSTRAINTS

FIG. 8 = OPTIMTZATICN RESYLIS FOR EXAMPLE 2,
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FINAL OPTIMIZATION INFORMATION
ORJ = 6,006646E+00

X=VECTOR

Taje uu

=Te1710E=03 1.0022E+00 2e0053E¢00 =9,9073¢-01

CONSTRAINT VALUES
~6,0054E=-03 <~]1,0089E+00N =8.5265E~14

ACTIVE CONSTRAINT NUMBERS

NO, GREATER THAN 3 INDICATES SIDE CONSTRAINT

1 3

TERMINATION CRITERION

ABS(0BJ(I)=0BYy(I=1)) LESS THAN DABFUN FOR 3 ITERATIUNS

NUMBER OF JITERATIONS = 13

OBJECTIVE FUNCTION WAS EVALUATE 3o
CONSTRAINT FUNCTIONS WERE EVALUATED 34
GRADIENT OF OBJECTIVE WAS CALCULATED 12

GRADIENTS OF CONSTRAINTS WERE CALCULATED 12

TIMES
TIMES
TIMES

TiMES

Flie B =OPTIMIZATICN FESULTS FOR RYA“DPLF 2 - CCNT,
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EXAMPLE 3 OF CONMIN USER'S MANUAL.

MINIMIZATION OF WEIGHT OF THE 3-3AK TFUSS.,

COMMON /CNMN1/ IPRINF,NDV,ITHAX,NCON,NSIUL,ICNDI?,NSCRL,KP[;,
1 FDCH,FDCHH,CT,CTMIN,CTL,:TLHIN,THETA,PHI,NAC,NACﬁX1,DEL}JL,
2 DASFUN,LINOBJ,ITKM,ITER,NCAL (4)

CCMMON /CNMYL2/ X(SO),DF(SO),S(11&3),ISC(VQDJ),IC(bT),A(51,&4)

COMMOY /CHMNG4/ VL3(5)),VUB(50) ,SCAL (50)

DEPINE NAME OF EXTEZPNAL EDUTIND, SuB1.

EXTERNAL EXME3

INITIALIZE CONTEOL PARAMETERS.

IPRINT=3 :

NDV=2

NCON=6

NSIDE=1

NFDG=2

NACMX1=51

LINOBJ=1

ITMAX=0

ICNDIR=0

NSCAL=0

ITRM=0

FDCH=0.

FDCHM=).

CT=0. -

CTMIN=(,

CTL=0,

CTLMIN=].

THETA=0.

PHI=O,

DELFUN=0,

DABPUN=9,

INITIALIZE CONSTRAINT IDENTIFICAPICN ViClTOKR, IsC.

DO 10 J=1,NCUN

1SC (I) =0

INITIALIZE LOWER AND UPPER BOUNDING VECTORS.,

DO 20 I=1,NDV

VLB(I)=C0.001

VUB(I)=1.CE+10

INITIALIZE X-VECTOR.

DO 3C I=1,NDV

X{I)=1.

SOLVE OPTIMIZATION.

CALL CONMIN(EXMP3,0BJ)

STOP

END

FIG. 1C - MAIN PROGRAM FOR EXANMPLE 3.
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. SUBRCUTINE EXHP3 (INFO,0BJ)

¢ COMMOGN /CNMN2/ X(50),DF(53),G(1132),1

: ROUTI¥E TO PROVIDE FUNCTION AND GRADI

3-3AR TRUSS.

EXAMPLE 3 OF CONMIN USEE'S MANUAL.

RHO=0.1

Al1=X(1)

A2=X(2)

IF (INFO.GT.2) GO TO 10

C OBJECTIVE FUNCTION.

' OBJ=1C.*RHO® (2. %5 )3T (2,) *A1+42)

IF (INFO.Ey.1) FETURN
c CONSTRAINT VALUES.

DENOM=2,*A1»224SQRT (2.) *A 1% a1
SIG11=20.# (SQFT(2.) *A1+42) /DENON
S1G21=20.*SORT (2.) *A1/DENON
SIG31==-2C.=A2/DENGN
G(1)=-SIG11/15.-1.
G(2)=SI611/20.-1,
G(3)=-SI321/15.-1.
G({4)=SIG21/20.-1.
G (5)=-51G631/2C.-1.
G(6)=S1G31/2C. -1,

c
-

S (1C20) ,IC(51) ,A(51,52)
ENT INFOHMATION FOrn

e
(9%

o n

o TR NS U SN i T T 5

RETURK
10 CONTINUE
% . C GRADIENT OF OBJECTIVE FUNCTION,.

DF(1)=20.*SQRT(2.)‘RHO
DF (2) =10.*RHO

RETURN
END

;
=
%
&
¥
g
44
5
3
R
¥

¥,

FIG. 11 - EXTEPNAL ROUTINE, EXMP3, FOR SXAMILE 3
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o CONMIN Al
° '
» FORTRAN PROGRAM FOR »
. #»
o CONSTRAINED FUNCTIION MINIMIZATION .
o -
® NASA/AMES RESEARCH CENTER., MOFFETT FIFLDs CALIF, ®
. .
A A A A A T I

CONSTRAINED FUNCTION MINIMIZATION

CONTROL PARAMETERS

IPRINT NODV ITmMaAX NCON NSIDE ICNDIR NSCAL NFDG
3 2 10 6 1 3 0 2
NACMX1 LINOBJY 1ITRM
26 1 - 3
FOCH FDCHM
1.00000€6=-02 1.00000E-02
cY CTMIN cTL CTLMIN
=1.00000E=0] 4,00000E=03 «1,00000E=02 1.00000E-03
THETA PH] DELFUN DABF UN
1,00000€¢00 2.50000E+01 1,000006~04 3.,828435-03
LOWER BOUNDS ON DECISION VARIABLES
l.OOOOE-OB 100000E'03
UPPER BOUNDS ON DECISION VAKIABLES
1.0000E¢10 1000005010
INITIAL FUNCTION INFORMATION
OBy = 3.,828427E«00
X=VECTOR
1.0000E+00 I.OOOOEOOO
CONSTRAINT VALUES
=1,9428E€+¢00 <=2,9289F-0] ~i.5523E4+00 =5:8579€=01 «6,0948€-0] =] 42929E+00
THERE ARE 0 ACTIVE CONSTRAINTS AND 0 VIOLATFD CONSTRAINTS

12 - OPTIMIZATICY RESUYLTS FOR EXAMPLE 3.

FlGR.
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BEGIN ITERATION NUMBER 1

SeVECTOR
~2.8284E400 ~1.0000€E+00

SLOPE = =9,00000FE+0C ALPHA = 1414385E=0])
0By = 2+.798966E500

X=VECIOR
6.7647E=01 8.8562E=01

BEGIN ITERATION NUMRER 2

CONSTRAINT VALUES
"2¢3311E+00 =1,6582-03 =1.6912E400 -4,81%8€6-01

PUSH=0FF FACTORS, THETA(I) s 12),NAC
9.6711€-01

Paqge 49

=3.6011E=0]

NO, OF ACTIVE CONSTRAINTS = 1 OF wHICH 0 ARE VIOLATED
0 ACTIVE OR VIOLATED CONSTRAINTS ARE SIDE CONSTRAINTS

ACTIVE CONSTRAINT NUMBERS

NO, GREATER THAN © INDICATES SIDE CONSTRAINT
2

CONSTRAINT PARAMETERs BETA = 8.,16624E=04

S=VECTOR
2026675'0? '9003985'02

SLOPE = «2,62871E-02 ALPHA = 6.44333€E+00
08BJ = 2,629589E+0¢

X=VECTOR
8.,2252E=-01 3.0315E=-01

BEGIN IVERATION NUMBER 3

CONSTRAINT VALUES
=2:3433E+00 Te4916E~03 «2,0656E+00 “2+00T9E=0]

PUSH=0OFF FACTORS THETAC(I) I=]l4NAC
1.1554E¢00

=7.2229E-0)

FIG, 12 - OPTIMIZATION RRSULTé POR EYAMPLE 3 - CCNT,

-1 .‘799E’°0

*1,2083E+00
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NOs OF ACTIVE CUNSTRAINTS = 1 OF WHICH 0 ARE VIOLATED
0 ACTIVE OR VIOLATED CONSTRAINTS ARE SIDE CONSTRAINTS

ACTIVE CONSTRAINT NUMBERS
NO, GREATER THaN © INDICATES SIDE CONSTRAINT

4

CONSTRAINT PARAMETER, BETA = 2.93279E=05

S«VECTOR
=1,0595E-02 2,7380E-02

SLOPE = «2,58809E=03 ALPHA = 1405049E =02
0BJ = 2.629562E+00

X=VECTOR
8.2241€E-01 3.0344E~0]

BEGIN ITERATION NUMBER 4

CONSTRAINT VALUES
=2.3433E+00 TeAT9SE=03 =2,0654E+00 =200098E=01 =7,2205€~01]

PUSH=OFF FACTORSe THETA(I), I=lsNAC
1,4851€4+00

NO. OF ACTIVE CONSTRAINTS = 1 OF wHICH C ARE VIOLATED
0 ACTIVE OR VIOLATED CONSTRAINTS ARE SIDE CONSTRAINTS

ACTIVE CONSTRAINT NUMRERS

NO. GREATER THAN 6 INDICATES SIDE CONSTRAINT
2

CONSTRAINT PARAMETER: BETA = 1.,63884E-05

S=VECTOR
=9,0708E=03 2,3720E=02

SLOPE = ~=],9360VE=03 ALPHA = 4,25485€E+00
OB. = Ce621324E+00

[ 4

X~VECTOR
T.8381E~01] 4,0436E-01

Fi1G. 12 -« OPTIMIZATION RESULTS FOR EXAMELE 3 =~ CCNT,

~1,2085E+00
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BEGIN ITERATION NUMBER 5

CONSTRAINT VALUES
=2.34235+00 6,7277E-03 =1,9835E+00 =246236E=01 =6,41226=-01 «1,2691F+00

PUSH=OFF FACTORSs THETA(I)s [3]14NAC
1.4320E4+00

NOs OF ACTIVE CONSTRAINTS = 1 OF wHICH 0 ARE VIOLATED
0 ACTIVE OR VIOLATED CONSTRAINTS ARE SIDE CONSTRAINTS

ACTIVE CONSTRAINT NUMBERS
NO. GREATER TiAN 6 INDICATES SIDE CONSTRAINT
l

CONSTRAINY PARAMETERs BETA = 6.46576E~-11

0BJ = 2,621324E+00 NO CHANGE OM 084

BEGIN ITERATION NUMBER 6

CONSTRAINT VALUES
=2,3423E4+00 0eT2TTE=03 <~1,9835E400 =2,6236E=01 “6.4122E=0]1 =]1,2691E+00

PUSH=0FF FACTORSs THETA(I)s I=19sNAC
2,4802E+00

NO. OF ACTIVF CONSTRAINTS = 1 OF wHICH 0 ARE VIOLATED
0 ACTIVE OR VIOLATED CONSTRAINTS ARE SIDE CONSTRAINTS

ACTIVE CONSTRAINT NUMBFRS

NO. GREATER THAN 6 INDICAIES SIDE CONSTRAINT
2

CONSTRAINT PANAMETER, BETA = 2,20652€~-11

02y = 2,621324E4+00 NO CHANGE ON 0By

BEGIN ITERATION NUMBER 4

CONSTRAINT VALUES
=2,3423E+00 6.727T7E=03 <=1,9835E+00 <«2,622 f-0l =6.4122E-01 =1,2691E+00

PUSH=OFF FACTORSs THETA(L)s i=i,NAC
Te1843E+00

FIG. 12 - OPTINIZATION RESULTS FOR EYANPLE 3 - CCNT,
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NO. OF ACTIVE CONSTRAINTS = 1 OF wHICH 1 ARE VIOLATED
0 ACTIVE OR VIOLATED CONSTRAINTS ARE SIDE CONSTRAINTS

ACTIVE CONSTRAINT NUMBERS

NO, GREATER THAN & INCICATES SIDE CONSTRAINT
2

CONSTRAINT PARAMETER, BETA = TeT1561E«0i

S=VECTOR
2,2189E40]) T.8705E+00

SLOPE = T.06315E+01 ALPHA = 2.49716E=04
0BJ = 2.638962E+00

X=VECTOR
7.8936E~01 4,0633E-01

BEGIN ITERATION NUMBER 8
CONSTRAINT VALUES

"243333E400 =4,2505E~11 =1.97TSE+00 -2,6686E~01 =6,4619E=01 =1.2669E+00
PUSH=OFF FACTORS»s THETA(I)s I3]sNAC

1,0000E4+00

NO. OF ACTIVE CONSTRAINTS = 1 OF WHICH 0 ARE VIOLATED
0 ACTIVE OR VIOLATED CONSTRAINTS ARE SIDE CONSTRAINTS

ACTIVE CONSTRAINT NUMBERS

NO, GREATER THAN 6 INDICATES SIDE CONSTRAINT
2

CONSTRAINT PARAMETERs BETA = 3.49062E-10

08y = 2,638962E+00 NO CHANGE ON 0By

FIS. 12 - OPTINITATION RESULTS FOR EXAMDPLY® 3 - CONT.



Pacge =3

FINAL OPTIMIZATION INFORMATION
0BJ = 2,638962E+00

X=VECTOR
7.8936E=-01 4,0633E~01

CONSTRAINT VALUES
~2.3333E+00 <~4,2505E~11 =1.9775€400 =2,6686E=01 "6.4419t=01 =]1,2669E+00

ACTIVE CONSTRAINT NUMBERS .
NO. GREATER THAN b INDICATES SIDE CONSTRAINT
e

TERMINATION CRITERION
ABS(CT) IS LESS THAN CTMIN

NUMBER OF ITERATIONS = 8

OBJECTIVE FUNCTION WAS EVALUATED 26 TIMLS
CONSTRAINT FUNCTIONS WERE EVALUATED 26 TIMES
GRAD{ENT OF OBUECTIVE WAS CALCULATED 6 TIMES

FIG. 12 - OPTIMYZATICN RESULTS FOR FXAMPLE 3 - CCNT.
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APPENDIX A
SUNMARY OF PARAMETZRS USED LY CIONMIN

COMMON BLOCKS:

COMMON /CNMN1/ IPRINT,NDV,ITMAX ,NCON, 4SIDE, ICNDID,N5CAL,NFUS,
1 FDCH,FDCHM,:r,CTuIN,CTL,crLﬁIu,ruETA,puI,NAcnx1,DELFUN,

2 DABFUN,LINOBJ,ITFM,ITER,NCAL (4)

COMMON /CNEN2/ X(N1) ,DE(N1) ,G(N2) ,ISC(NB) , IC(NU), 5 (Kb, N 3)
COAMON /CEMN3/ SN3),GI1(N7),G2(N2),C(N9) ,MSTING) ,u (Kb, Na)
COMMON /CNENG4/ VLB(N1),VUB(N1),SCAL(N5)

CALL STATEMENTS:
CALL CONMIN (SUB1,CBJ)
CALL (SUB1(INFO,0BJ)

PARAMETERS DEFINED IN THE MAIN PROSRANM,

PARARN. DEFAULT DEFINITION

IPRINT Print control.

NDV Number of decision variables, X (I).

ITMAX 10 Maximum number of iteratiorns in the

minimization process.

NCON Number of constraint functions, G({(J).

NSIDE Side constraiant parapater, NSIDL.GT.G
indicates that lower and upper bouuds adare
imposed on the decision variaoles.

ICNDIR NDV+1 Conjugate direction restart paraazetasr.
Festart with steepest descent uove every
ICHNDIR iterations.

NSCAL Scaling control parameter. N5CAL.LT.YD,
user supplies scaling vector. N3CAL.EY. D,
BO scalirg. NSCAL.GT.Z, automatis lina2ag

scaling every nNSCAL iterations.



PARAN,

NFDG

FDZH

FDCHN

CcT

CTHIN

CTLHMIN

THETA

PHI

NACHMX 1

DELPUN

DEFAULT

¢.J04

-0.01

0.C01

1.0

5.0

0.C01

Page &5

DIFINITION
Gradient calculation control paraneter,
Eelative chaage ir decision variabla,
X(I), in calculating finite difference
Jcadients,
Piuimum absolute Step in finitce differen-e
gradient calculations.

Constraint thickness paranetar.

Mibpimum absolute value of CT considered ir
optimization process.

Constraint thicknass parameter for linsar
and side constraints.

Minimum absolute -alue of CTL cousideraed
in optimization process.

Pean value of push-off £actor in method »Hf
feasible directioas.

Participation coefficiernt, used if one or
Bore constraints are violatei.

1 plas user's best estimate 9f tha maxiaag
muaber of coustraints {including sije
constraints) vhich will pe active or
violated at any time i the mirnimiczatior
process.,

Minimum relativa chauge in ohjective

functiosn, OBJ, to indicate CoiwvVergyence,
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PARAN, DEFAULT

DA3FUN CeCO1e

Init. 0Dy

LINOBJ

ITRN 3

X(N1)

VLB(N Y1)

VUB(NT)

SCAL (N5)

ISC (NB)

DEFINITION

Minimum absolute chdange in

objective

fuaction, 0OBJ, to indicate ConvVerjence,

Linear objective
L1NOBJ=1 if
be linear in X{(I).
non-linear,

Number of

indicate

consecutiva

convergencze by

function

identifis=cr,

OBJ is specifically known to

LINOBJ=0 if OBJ is

iterations to

relative 2L

absolute changes, DELFUN or DABFUN.

Vector of decision vatiables,

Vector of lowe
variables.
Vector of upper
variables,

Vector of scaliuny

r bounds or

hcuads on

parameteors.

Linear constraine identification

decisior

decision

vector,
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PARAMETERS DEFINED IN EXTERNAL ROUTINE SUE1

PARAMETER

0BJ
G{N2)
DF(N1)

NAC

A(N4,N3)

IC (NG)

DEFINITION
Value of objective function.
Vector of constraint values.
Analytic gradiant of objective furction.
. violated

Number of active and

constraiints
(G{J).GE.CT).

Row 1 contains analytic gradient of the Ith active

or violated constraint. |

J3dentifies shich constraints are active or

violated.

PARAMETERS DEFINED IN CONMIN AND ASSOCIATED ROUTINES

PARAMETER

ITER

NCAL (4)

S(N3)
G1(N7)

G (N2)
B(NU4,N4)
C(N9)

DEFINITION

Iteration number.

Bookkeeping information. NCAL({I) yives nqnumzber of
times INFO=I during optimization pProcess.

Direction vector.

Temporary storage of vectors G and X.

Temporary storage of vector G.

Used in finding usable-feasible direction.

Used in finding usahle-feasible diraction and for

temporary storage of vector X.
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APPENDIX B

CONMIN SUPROUTINE DESCRIPTIONS

Following is a list of the subroutinas associited Wit
CONMIN. If tie array dimensions are changed from those
currently used, tke common tlocks in each routine Bust  he

changed accordingly.

CONMIN - Main optirization routine.

CNMNOT1 - Routine to calculate gradient information by tinite

difference,

CRMNO2 - cCalcnlate direction of steepest descent, or conjugate

direction in unconstrained function minisization.

CNMNO3 - Solve one~dimensional search in unconstrained function

minimization.

CNMNO4 - Find minimum of one~dimensional function by polynosiai

interpolation.

CNMNOS - Deteraine usable~feasitle, or xodifiad
usable-fa2asible, direction in constrained functiorn

minimization.

CHMNO6 -~ Solve one~dimensional search for constrainced fynction

minimization.
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CNMNC7 - Firnd zero of one-dimensional function by poljrorial

interpolation.

CNMN(8 - Sclve special linear proyramniag problen 14
determination of usable-feasible, 2T «oa3fiad
1sable-feasible direction in constrained fuanctiorn

ninimization,

CNMNO9 - Unscale and rescale decision variables hefore and

after function evaluatiorn,
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